Objectives: To determine whether treatment with a protocolized sepsis guideline in the emergency department was associated with a lower burden of organ dysfunction by hospital day 2 compared to nonprotocolized usual care in pediatric patients with severe sepsis. Design: Retrospective cohort study. Setting: Tertiary care children's hospital from January 1, 2012, to March 31, 2014. Subjects: Patients older than 56 days old and younger than 18 years old with international consensus defined severe sepsis and who required PICU admission within 24 hours of emergency department arrival were included. Measurements and Main Results: The exposure was the use of a protocolized emergency department sepsis guideline. The primary outcome was complete resolution of organ dysfunction by hospital day 2. One hundred eighty nine subjects were identified during the study period. Of these, 121 (64%) were treated with the protocolized emergency department guideline and 68 were not. There were no significant differences between the groups in age, sex, race, number of comorbid conditions, emergency department triage level, or organ dysfunction on arrival to the emergency department. Patients treated with protocolized emergency department care were more likely to be free of organ dysfunction on hospital day 2 after controlling for sex, comorbid condition, indwelling central venous catheter, Pediatric Index of Mortality-2 score, and timing of antibiotics and IV fluids (adjusted odds ratio, 4.2; 95% CI, 1.7-10.4). Conclusions: Use of a protocolized emergency department sepsis guideline was independently associated with resolution of organ dysfunction by hospital day 2 compared to nonprotocolized usual care. These data indicate that morbidity outcomes in children can be improved with the use of protocolized care. (Pediatr Crit Care Med 2016; 17:817-822) 
studies have demonstrated that adherence to protocolized sepsis treatment guidelines can improve both process metrics and resource utilization in pediatric sepsis, including decreased time to antibiotics and fluid resuscitation (4, 5) and a shorter hospital length of stay (LOS) (6) .
Although several studies have reported an association of early antibiotics with improved mortality rates and decreased duration of organ dysfunction (OD) (7) , data showing a direct impact of protocolized treatment guidelines on patient clinical outcomes are lacking in pediatric studies. The relatively low mortality rate due to pediatric sepsis, particularly in children with initial sepsis care in the emergency department (ED) setting (compared to hospital-acquired sepsis), has limited the power of quality improvement studies to demonstrate that protocolized care improves this important clinical outcome (8, 9) . However, morbidity related to OD remains substantial in pediatric sepsis, even in centers with protocol-based early and aggressive sepsis care in place (10) .
Importantly, OD has been associated with increased risk of mortality and higher resource utilization and costs in pediatric sepsis (1, (11) (12) (13) . In particular, the number of affected organ systems and the persistence of OD despite resuscitation reflects the severity of illness and has been associated with adverse outcomes, including mortality in sepsis (12, 13) . Reflecting this point, recent randomized trials in pediatric sepsis and other critical illnesses have used duration of organ failure as the primary efficacy outcome rather than mortality (14, 15) . Importantly, studies have indicated that over 90% of sepsis-related OD occurs in the first 2 days of hospitalization (8, 16 ; S. Weiss, personal communication, 2016) . We therefore sought to determine whether treatment with a protocolized sepsis guideline in the ED was associated with a lower burden of OD by hospital day 2 compared to nonprotocolized usual care in pediatric patients with severe sepsis.
METHODS

Study Design and Setting
This was a retrospective cohort study at a tertiary care children's hospital with approximately 90,000 ED visits and 4,000 PICU admissions annually. The Institutional Review Board at The Children's Hospital of Philadelphia (CHOP) approved this research under a waiver of informed consent.
Study Population
We included subjects more than 56 days old and less than 18 years old treated in our ED from January 1, 2012, through March 31, 2014 , and who had severe sepsis or septic shock within 24 hours of ED triage and required PICU admission. Severe sepsis and septic shock (referred to collectively as "severe sepsis") were defined using international consensus guidelines (17) . All patients treated in the PICU during the study period were screened for severe sepsis using a standardized form completed by a multidisciplinary PICU team as part of routine clinical care. All patients with a positive initial screen were reviewed by two critical care physicians to confirm the diagnosis of severe sepsis. Discrepancies in determination of eligibility were resolved by consensus at monthly meetings (S.W., J.F., F.B.). We excluded infants less than 56 days because at our institution, these infants are treated according to a separate febrile young infant protocol due to the unique physiology and pathogens seen in this young age group.
Data Collection
The data source for this study was the CHOP Sepsis Registry. The registry contains over 150 data elements extracted either directly from the electronic health record using locally developed computer algorithms or by manual medical record review. Automated extracted data elements include demographic data, past medical history, ED vital signs, ED and hospital laboratory results, ED and hospital therapies, ED and hospital LOS, and vital status at discharge (7, 18) . The structure and process of the automated data extraction have been previously described (19) (20) (21) . Data elements available as text fields (e.g., x-ray results and physical examination findings) were extracted by medical record review. PICU severity of illness scores were obtained from the virtual PICU (22) and included the Pediatric Index of Mortality (PIM)-2 (23) and the Pediatric Risk of Mortality (PRISM)-III (24) scores. PIM2 is determined based on data from the first hour of PICU care, and PRISM III is determined based on data from the first 24 hours of PICU care (23, 24) .
Exposure
The exposure was utilization of a protocolized sepsis guideline, including a computerized physician order set in the ED. Details of the protocol are included in Appendix 1 (Supplemental Digital Content 1, http://links.lww.com/PCC/A265). The protocol was available for all patients during the study period, but utilization was at the discretion of the treatment team. Treatment teams were educated to identify early signs of severe sepsis/septic shock and utilize the treatment protocol, and were sent monthly reminders to reinforce the use of the guideline. We defined protocol use as patients for whom the sepsis order set was utilized, identified by a default computer entry automatically applied to all patients for whom the order set was activated. We defined usual care as patients who were cared for without utilization of the sepsis order set. The protocol referred to within the text, and Appendix 1 (Supplemental Digital Content 1, http://links.lww. com/PCC/A265) is the one that was in place during the study period. The institutional protocol has since had several updates.
Outcomes
The primary outcome was complete resolution of OD by hospital day 2. OD was determined at ED presentation, PICU admission, and on two subsequent hospital days using international consensus criteria for sepsis-associated OD (18) . Utilizing these criteria, the presence or absence of cardiovascular, respiratory, neurologic, renal, hepatic, and hematologic dysfunction were determined on ED arrival, hospital admission, hospital day 1 and 2. Utilizing these criteria, the presence or absence of cardiovascular, respiratory, neurologic, renal, hepatic, and hematologic dysfunction were determined on ED arrival, hospital admission, hospital day 1 and 2. Consistent with consensus guidelines for OD in pediatric sepsis, we excluded preexisting chronic OD (e.g., a patient with known preexisting chronic thrombocytopenia due to a nonsepsis condition with thrombocytopenia at the usual range) and only included new or worsening OD (18) . Secondary outcomes included PICU and hospital LOS, time from ED triage to initial antibiotic and fluid therapy, need for transfer to a higher level of care within 24 hours of admission, and mortality. Covariates examined included age, sex, PRISM-III and PIM2 scores, ED triage emergency severity index level, and the presence of complex chronic conditions (CCC). The CCC classification scheme uses a validated grouping of International Classification of Diseases, 9th Edition-Clinical Modification codes to categorize comorbid disease processes into the following nine categories: malignancy, hematology/immune, respiratory, gastrointestinal, metabolic, neuromuscular, cardiovascular, renal, and other congenital abnormalities (25, 26) .
Statistical Analysis
Descriptive data are presented as medians with interquartile ranges for continuous variables and frequencies with percentages for categoric variables. The Wilcoxon signed rank test and Fisher exact tests were used to compare continuous and categoric variables, respectively. We used multivariable logistic regression to determine the independent association of protocol use with OD resolution by day 2. Covariates were selected a priori based on biologic plausibility, data availability, and prior studies (27) (28) (29) , and were included in the final model if found to be significant at the p value of less than 0.2 level on univariate analysis. All statistical analyses were carried out using Stata 12.1 (StataCorp, LP, College Station, TX).
RESULTS
One hundred eight-nine PICU patients with severe sepsis were identified during the study period. Of these, 121 (64%) were treated with the sepsis protocol/order set in the ED and 68 (36%) were treated with usual care in the ED. There were no significant differences between protocol and usual care patients in terms of age, sex, race, or number of CCC ( Table 1 ). The monthly proportion of patients treated with the protocol during the study period is shown in Supplemental Figure 1 (Supplemental Digital Content 2, http://links.lww.com/PCC/ A266). There were no significant differences in ED triage level or OD present on ED arrival in protocol versus usual care patients. Protocol patients had higher initial median lactate levels in the ED (Table 1) . On arrival to the PICU, there was no statistically significant differences in either median PIM-2 and PRISM-III scores, or OD between usual care patients and protocol patients ( Table 2) . Table 2 provides comparison of outcomes in protocol compared with usual care patients. Protocol patients were more likely to be OD free on hospital day 1 (relative risk [RR], 4.4; 95% CI, 2.0, 9.7) and hospital day 2 (RR, 5.2; 95% CI, 2.5, 10.8). Protocol patients without ED OD were less likely to develop new OD in the first two hospital days (RR, 0.3; 95% CI, 0.1, 0.7). Protocol patients compared with usual care patients had shorter PICU and hospital LOS, and were less likely to have subsequent transfer to a higher level of care if initially admitted to the inpatient floor within 24 hours of ED arrival (RR, 0.3; 95% CI, 0.2, 0.6). There was no difference in hospital mortality between groups.
Detailed process metrics related to protocol compared with usual care are shown in Table 3 . Protocol patients had shorter time to initial IV antibiotics, initial IV fluid bolus, and third IV fluid bolus compared with usual care patients. Protocol patients also received a higher total volume of fluid per kg in the ED compared with usual care patients.
We performed univariate analysis to determine candidate confounding variables, and included the following variables in a multivariable model: presence of any comorbid condition, presence of a central line, PIM-2 score, receipt of antibiotics in less than 120 minutes from ED triage, and receipt of initial IV fluids in less than 120 minutes from ED triage. The following variables were considered in univariate analysis but were not included in the final model: age, race, number of comorbid conditions, and ED triage level. In our multivariable logistic regression model, utilization of the ED protocol remained independently associated with complete resolution of OD by hospital day 2 (adjusted odds ratio, 4.2; 95% CI, 1.7, 10.4) ( Table 4) .
DISCUSSION
We demonstrated in this single center retrospective study that children with severe sepsis treated using a protocolized care guideline and order set in the ED compared to those treated with nonprotocolized usual care were more likely to be free of OD on hospital day 2. The benefit of treatment using a protocolized guideline could not be explained by baseline differences in severity of illness or preexisting comorbid conditions. Our findings extend the work of others that protocolized care improves timeliness and is associated with decreased morbidity in pediatric severe sepsis (4) (5) (6) 30) . Specifically, we demonstrate that use of a protocolized ED guideline is independently associated with reduced morbidity related to OD in pediatric severe sepsis In 2012, we implemented a protocolized plan to organize and streamline resuscitative and antimicrobial therapy for pediatric patients with suspected severe sepsis in our ED. Between 2012 and 2014, although there was not full penetrance of use of the protocolized approach, our data show that there was not a differential in application of the approach based on measured severity of illness.
This study provides evidence that implementation of protocolized acute care therapies decreased the presence of OD at hospital day 2. We chose day 2 because evidence suggests that over 90% of sepsis-associated OD occurs by the second hospital day (16; S. Weiss, personal communication, 2016) , and because we were interested in identifying a proximal outcome measure that was likely to be influenced by initial ED resuscitation. Such proximal outcome measures are important components of evaluating the success of novel ED-based diagnostics and therapeutics, particularly because mortality in this setting is quite low, and single center studies are unlikely to be powered to detect differences in mortality. This data is supported by a recent single center study by Akcan Arikan et al (30) demonstrating decreased acute kidney injury in children treated with an ED-based sepsis protocol.
We did not identify any statistical difference in the mortality rate by protocolized care compared with usual care. However, attention to mortality differences should be included in future assessments of protocolized care in pediatric sepsis as our study was limited by the small number of patients who died.
The precise reasons behind the success of our protocolized care strategy are likely multi factorial. We note with interest that neither the inclusion of timeliness of antibiotics nor initial IV fluid bolus in our multivariable regression models could fully account for the improved outcomes observed in patients treated with the sepsis protocol, indicating that factors other than timely therapy are likely to be important. One possibility is that improvements in care not only come from improved timeliness, but also from group level processing by the care team that comes from the overt statement that a patient is being cared for within the sepsis protocol.
It is also important to interpret this study in the context of several recent large randomized clinical trials in adults which compared patient outcomes following early goal-directed therapy (EGDT) versus standardized or usual care in the United States, Britain, and Australia/New Zealand (31) (32) (33) . These studies did not demonstrate outcome differences based on method used. However, the objective of these trials was to compare protocolbased early goal-direct therapy to an alternative protocol-based therapy. Even the inclusion of a "usual care" arm in one of these studies did not exclude use of a local protocolized approach. These studies indicate that all components of EGDT including routine measurement of central venous pressure (CVP) and central venous oxygen saturation (Scvo 2 ) may not be necessary in all adults with septic shock. Notably, neither our protocolized approach nor nonprotocolized usual care approach to resuscitation of pediatric septic shock in our ED included routine CVP and Scvo 2 monitoring. Unlike these trials, our objective was to compare protocolized care (which is early and goal-directed but not as prescriptive as formal EGDT) to a nonprotocolized approach.
There are several limitations to this study. It is important to note the possibility that there are unmeasured confounders that explain worse outcomes in patients who did not receive the protocol that are independent of the protocol itself. This would likely be some unmeasured "complexity" factor that makes sepsis recognition challenging and also is associated with poor outcomes. We did not note significant differences between the groups in terms of ICU-based severity scores (PRISM-III and PIM-2), although it is important to note that these scores are determined after ED therapies are received. There are currently no widely utilized pediatric ED-based severity scores, though it would be interesting in the future to apply one such candidate scoring system, the Pediatric Risk of Admission score (34) in this population. Conversely, it is possible that there was misclassification bias in that some patients did in fact receive care that was the same as protocolized care but did not use the associated order set, and thus would be included in the usual care group. However, this would have biased the study toward the null hypothesis. In addition, because this was a single center study, the external validity of our findings to other centers is not clear. As an important corollary to this, results of sepsis studies involving fluid resuscitation in the United States should be interpreted with great caution in resource-limited settings, where aggressive fluid therapy has been shown to be associated with increased mortality (35) . However, although the contents and directives of a protocol may need to be region-and site-specific, a protocolized approach to a complex resuscitative strategy may still find overall utility in various settings.
In conclusion, we found that pediatric patients with severe sepsis treated according to a protocolized care guideline and order set in the ED had lower rates of OD at 2 days following ED presentation than patients treated per usual care. Patients cared for within the sepsis guideline also had improved processes of care and decreased hospital LOS. This study suggests that protocolized-based approach to ED therapy for children with sepsis may improve both process of care and patient outcomes.
